ABSTRACT. This study was conducted to evaluate the probable prophylactic potential of gum Arabic (GA) as lipid lowering agent in donkeys. Three groups of donkeys each of six were either: drenched with gum Arabic at dose rate of 25 g/day (PG1) or 50 g/day (PG2) for seven successive days, or left without treatment as control group; animals then were subjected to five successive days fasting to induce hyperlipemia. Blood samples were collected before, and during: GA supplementation, fasting and post fasting periods to evaluate the response of treated animals to the induced hyperlipemia. During GA supplementation triglycerides concentration in the three groups showed fluctuation with no significant (P>0.05) change. Significant increase (P<0.05) in triglycerides and cholesterol level was observed in the control and the PG1 during the 2 nd , 3 rd , and 4 th days of fasting, while the level increased significantly (P<0.05) only at the 4 th day of fasting in PG2 to a level that was considered to be low when compared with that of the control and PG1. The level returned to normal by the end of the experiment. Urea concentration increased significantly (P<0.05) in the three groups during fasting period and returned to normal level by the end of the experiment. Alanine transaminase (ALT) activity was significantly (P<0.05) increased during fasting in the control and PG1, while the increase in PG2 did not reach the level of significance. Significant increase in Aspartate transaminase (AST) activity was observed only in PG2 during fasting period and the level returned to a no significant change by the end of the experiment. It is to be concluded that daily intake of gum Arabic at dose rate of 50g/day for seven successive days delayed the increase in triglycerides as well as cholesterol concentration, and hence induction of hyperlipemia, that considered to be of value in controlling hyperlipidemia in donkeys.
INTRODUCTION
Hyperlipemia is primarily regarded as a disease process occurring in ponies, donkeys and miniature horses characterized by elevation of the serum triglyceride concentration with visible lipemia and fatty infiltration of the liver or multiple organ systems. Gum Arabic (GA) from Acacia seyal and Acacia senegal is a branchedchain polysaccharide proved to have strong antioxidant properties, and has been used to reduce the experimental toxicity through protection of the liver by modulating the expression of oxidative stress genes (Ahmed et al., 2015) . Furthermore, the self assembly of the amphiphilic conjugate of curcumin-gum Arabic into micelle in aqueous medium significantly enhanced the solubility (900 fold of that of free curcumin) and stability of curcumin in physiological pH. The anticancer activity of the conjugate micelles is found to be higher in human hepatocellular carcinoma (HepG2) cells than in human breast carcinoma (MCF-7) cells. The conjugate exhibited enhanced accumulation and toxicity in HepG2 cells due to the targeting efficiency of the galactose groups present in gum Arabic (Sarika et al., 2015) .
The effects of gum Arabic (GA) on lipid metabolism are variable. Suleima et al., (2014) indicated that GA at dose rate of 25g/day for seven successive days has positive effect in lowering plasma triglycerides level in donkeys with experimentally induced hyperlipdemia; and that the increase in the GA dose was not necessary to affect the level of triglycerides in donkeys. Ross et al., (1983) and Sharma (1985) reported reductions of total serum cholesterol by 6% and 10.4%, respectively when subjects received 25 g/day and 30 g/day of GA for periods of 21 and 30 days. The decrease was confined to low density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol only, with no effect on high density lipoprotein (HDL) and triglycerides. In contrast, consumption of GA at a dose of 15 g/day for 4 weeks by normal (Haskell et al., 1992) or hypercholesterolemic subjects (Jensen et al., 1993) had no significant effect on plasma lipids. In rats, the results were as contradictory; Topping et al., (1985) has shown that plasma cholesterol concentrations were unaffected by feeding GA, but plasma triacylglycerols were significantly lower than in controls.The aim of this study was to evaluate the probable prophylactic effects of gum Arabic as lipid lowering agent, in experimentally induced hyperlipidemia in donkeys.
MATERIALS AND METHODS

Site of study
This study was conducted in Khartoum state, at the farm of the College of Veterinary Medicine, Sudan University of Science and Technology (SUST), Hillat Kuku, Khartoum North, Sudan.
Ethical approval
The study protocol was approved by the College of Veterinary Medicine Research Board as well as the Scientific Research Deanship, Sudan University of Science and Technology.
Experimental Animals
A total of 18 male donkeys 4-10 years of age were purchased from local market in East Nile locality, Khartoum. Upon arrival donkeys were clinically examined and they were treated with an anthelmintic (Paramectin Pharma Swede, Egypt) at dose rate of 0.2 mg/kg/bwt by the SC route; and antibiotic ((Penstrept 400 Interchemie Werken, Holland -200,000 procaine penicillin G+ 200mg dihydrostreptomycin/ml) at dose rate of 1ml/20 kg/bwt, by the IM route for three successive days; as prophylactic measurement. Donkeys were kept in pens and provided with free access to water and fresh Abo sabeen ad libitum and a calculated amount of Dura maize for two weeks as adaptation period
Gum Arabic
A fine pure powder of gum Arabic (Active-Acacia®) was obtained from the Sudanese limited company of the gum Arabic and was used as received. Two different doses (50g and 25g) of gum Arabic were measured using sensitive balance (AND GR. 200-EC from A and D instrument, Japan) and the doses were dissolved in 500 ml drinking water.
Experimental design
Donkeys were randomly assigned into three groups each of six animals. The 1 st group (PG1) was treated with Gum Arabic at dose rate of 25g/day gum Arabic for seven successive days, the 2 nd group (PG2) was treated with Gum Arabic at dose rate of 50 g/day as in the 1 st group, and the 3 rd group was kept untreated as control. All animals in all groups were then subjected to five days fasting to induce hyperlipidemia as described by Bulldan et al., (2013) .
Blood samples collection
Blood was withdrawn from the jugular vein and transferred into blood containers coated with fluoride oxalate. Containers were gently inverted several times and placed in ice and immediately transported to the laboratory. Plasma was harvested following centrifugation at 5000 rpm for 3 minutes. Samples were kept at -20qC until analysed.
Sampling schedule
Blood samples were withdrawn from the donkeys at four occasions: before induction of hyperlipidemia (baseline, day 0), during gum Arabic supplementation (T1 at the third day following start of treatment and T2:at the sixth day following start of treatment), during fasting period (F1, one day following fasting,F2, two days following fasting, F3, three days following fasting, and F4: four days following fasting), and at the first day (PostF1), and third day (postF2) from the start of refeeding.
Analysis procedure
Plasma biochemical parameters were measured using commercial kits (Vitro Scient-Egypt) according to standard spectrophotometer methods as following: Triglycerides according to Stein and Myers, (1995) . Cholesterol according to the method of Tietz, (1995) ;Glucose according to Barhamand Trinder, (1972) ; Total plasma proteins according to Doumas et al., (1981) ; albumin (Doumas et al., 1971) ; creatinine according to Bartels et al., (1972) ; Blood urea following the method described by Fawcett and Scott, (1960) .Aspartate transaminase (AST) and Alanine transaminase (ALT) were measured according to Reitman and Frankel (1957) .
Statistical analysis
Data were analyzed using GraphPad Prism 5.0 (GraphPad Software). Treatment values were compared with baseline values, while that of fasting period were compared with T2 value, and post fasting values were compared with baseline value. T-test was used to compare between means and P<0.05 was considered significant.
RESULTS
Triglycerides
During gum Arabic supplementation triglycerides concentration showed fluctuation with no significant (p>0.05) change. Significant increase (p<0.05) in triglycerides concentration during the 2 nd , 3 rd , and 4 th days of fasting was observed in the control and the PG1, while the level increased significantly (p<0.05) only at the 4 th day of fasting in the PG2 group, and to a level that was noticed to be low when compared with the level of the control and PG1 (Figure 1 ). 0= baseline value, T1: day three following GA administration, T2: day six following GA administration, F1: day one following fasting, F2: day two following fasting, F3: day three following fasting, F4: day four following fasting, PF1: day 1following re-feeding, PF2: day 3 following re-feeding
Cholesterol
As shown in Figure ( 2) a similar pattern for cholesterol was observed in the control and PG1, where significant (p<0.05) increase was observed at the 2 nd , 3 rd , and 4 th day of fasting; while the significant increase was only observed at the fourth day of fasting in the PG2. The level returned to normal by the end of the experiment. 
Urea
Plasma urea concentration increased significantly (p<0.05) in the three groups during fasting period and returned to normal level by the end of the experiment as shown in Figure ( 3). Here it is noticeable that urea level in PG2 was much lower than that of PG1 and control. 
Glucose and creatinine
The fluctuation in glucose concentration did not reach significant level (Table 1) , while creatinine level showed considerable no significant increase in the control and PG1, and decrease in PG2 (Table 2) . *0: baseline value, T1: day three following GA administration, T2: day six following GA administration, F1: day one following fasting, F2: day two following fasting, F3: day three following fasting, F4: day four following fasting, Post F1: one day following re-feeding, Post F2: 3 days following re-feeding 
Total proteins and albumin
Significant increase in total protein concentration (p<0.05) was observed in PG1 during fasting. The level returned to non-significant change by the end of the experiment (Table 3) . Albumin concentration did not show any significant difference following either administration of gum Arabic or five days fasting (Table 4) . 
Aspartate aminotransferase(AST)
Significant increase in AST activity was observed only in the second prophylactic group (PG2) during fasting period and at post fasting the level returned to a non significant (P>0.05) change by the end of the experiment (Table 5) . 
DISCUSSION
The most characteristic change in the blood of equine with hyperlipaemia is increased plasma triglycerides (TG). Animals in the current study expressed significant increase in TG concentration following five days fasting. A result which was in agreement with that obtained by Bulldan et al., (2013) in donkeys subjected to four or five days fasting. They reported that there was significant increase in TG during the post fasting period.
Results obtained in the current study showed that, the effect of 50g/day gum Arabic in lowering TG was more marked than 25 g/day indicating dose dependant effect. In a study conducted to explore the lipid lowering effect of water soluble plant fibers, consumption of GA at a dose of 15 g/day for 4 weeks by healthy men had no significant effect on plasma lipids (Haskell et al., 1992) . While, Topping et al. (1985) reported that plasma triacylglycerols were significantly lower in rats fed gum Arabic than in controls. Abd-Razig and his colleagues (2010) reported significant decrease in triglycerides and cholesterol in serum and egg yolk in laying hens in association with increase in dose of gum Arabic. The similar pattern observed for cholesterol in the control, PG1, and PG2 was in agreement with the results obtained by Ross et al. (1983) and Sharma (1985) . Here although the reduction in cholesterol was only in PG2, the delay in cholesterol increase might also indicate a dose dependent and/or duration effect.
Urea concentration increased significantly (P<0.05) in the three groups during fasting period; here it is worth of mention that the level of urea in PG2 during the fasting period was lower than in the other two groups. Plasma urea N concentrations were increased in horses during 4 days and 21 to 69 h of feed deprivation (Patterson et al. 1985; and Sticker et al., 1995) . This rise in plasma urea nitrogen is presumably related to increased catabolism of body protein stores for use as energy and the production of plasma proteins (Guyton, 1991) . Others have reported increases in plasma urea nitrogen during 5 and 7 d in cattle . Ali and co-workers (2004) reported that GA alleviates adverse effects of chronic renal failure in human patients consuming GA at doses of 50 g/day for 3 months. Serum urea, creatinine and uric acid levels have significantly decreased in the groups of gum users. In the current study the duration of treatment was seven successive days that is to be considered shorter than that of Ali and his colleagues (2004) .
The fluctuation in creatinine and albumin concentration did not show any significant difference following either administration of gum Arabic or five days fasting. The no significant decrease in glucose level in donkeys treated with gum Arabic was supported by the previous reports of Wadood et al. (1989) and Nasir et al., (2010) . Significant increase in total protein concentration was observed in the first prophylactic group (PG1) during fasting, an observation that could be attributed to haemo-concentration as animals deny drinking water during starvation. The level returned to no-significant change by the end of the experiment. The significant increase in ALT and AST activity observed in the current study could be attributed to the increased breakdown of proteins to provide energy, and also reflects the increase in urea level.
CONCLUSION AND APPLICATION
It is to be concluded that the use of gum Arabic with a dose rate of 50 g/day for seven successive days, proved to be of value as prophylactic measurement against hyperlipaemia. In the current study gum Arabic was used for a short duration of time compared to relevant studies. The concurrent decrease in urea and creatinine level may indicate a further effect in the kidney functions.
